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INTRODUCTION 
Sox differentiation I3 a very complicated process in 
living organisms. At the two extremes of development are 
normal males and females. Occasionally hermaphroditic forms 
occur in which the same individual Is at one time a male 
and at another a female, or else one is equipped with both 
male and female types of reproductive organs. Sexual abnor­
malities of similar character may resvQt from endocrine 
disturbances, irre,clarities of chromosomal distribution, or 
mutant autosomal ^enes which interfere with the normal 
action of the sex differentiating mechanism. The prospec­
tive sexuality of the individual, as It is generally 
accepted, is dependent upon the quantitative balance between 
male-determining and female-determining forces. If this 
balance is disturbed, the sexual characterization of the 
individual can be altered. 
In Drosophlla, two main theories of sex determination 
have been developed. One of these assumes that sex is the 
resTilt of a quantitative balance bett-reen male and female 
factors; the other implies that sex Is determined by the 
interaction of one or a few main genes, either with or 
without modifiers. In either case, the sexual destiny of 
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an Individual Is decided upon by Its Initial genetic 
constitution, 
Rpldgea* (1921) work on trlplold Intersexes led him to 
support the iniatlple factor system. He assumed that sex In 
Drosophlla is determined by interaction of a number of 
female-tendency genes, most of which are in the X-chromosome; 
and male-tendency ^enes, most of which are in the autosomes. 
Any change which modifies the nomal ratio of 2X:2A in the 
female or 1X:2A in the male will upset the balance and 
result in the production of abnormal flies, 
Dobzhansky and Schultz (193il-) tested the hypothesis of 
multiple aex genes by comparin; 3As2X intersexes with their 
slbs 3A:2X plus different fra^^menta of the X chromosome. 
They fotind that the Intersexes containing an additional 
fragment of the X chromosome, except the inert region, pro­
duced a shift toward femaleness. They concltided that there 
are numerous female-determining sex genes scattered along 
the X chromosome, 
Patterson et al,(1937) showed that there are pronotmced 
effects of aneuploidy of relatively short segments from all 
parts of the X chromosome on viability, fertility and sex in 
diploid Individuals, They restricted the female sex-
differentiator in the wavy-garnet region. 
Pipkin (19i4.0) Indicated that a single primary sex gene 
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could not exist, but that Instead several Intersex modifying 
genes of different sex potencies are located In the sex 
chromosomes, Ihese modifying genes are additive and react 
to produce the quantitative X-autosorae balance. Her work 
did not completely rule out the possible presence of genes 
of large sex effects. 
Another Interpretation concerning sex determination in 
Drosophila la that of the action of one or a few main genes. 
These are sex differentiating genes which in their action 
Influence reaction or developmental processes that differ­
entiate the males and females, Sturtevant (1920) was the 
first to demonstrate an actual gene v;hlch in its action 
produced intersexuality. He discovered a single recessive 
gene in the second chromosome of Drosophila simulans which, 
when in duplex state, transforms females into intersexes and 
renders males sterile, 
aowen and Jowen (1922), CJowen (1931) reported a sex factor 
(cx) in the third chromosome of D^, melano;Q:a3ter, Normal 
females homozygous for this gene gave abnormal flies repre­
senting morphological variates extending all the way from 
male to female. The extensive alterations were due to the 
fact that this gene controlled the maturation division of the 
parent female, so that diploid and fractionally diploid eggs 
were produced. This observation furnished independent con­
firmation of Bridges* hypothesis that sex is determined by a 
balance of the sex chromosornes and autosomes. 
Lebedeff (1938) found a recessive gene lad® In the third 
chromosoine of D, vlrllls. This gene produced no effect on 
the male, but converted diploid females Into Intersexes, He 
believed that the Interaexuallty was the result of the 
Interaction of the mutant autosomal ^^ene Ix'" and Its modi­
fiers with the rest of the 2X:2A chromosomal complex. He 
tended to support the turning-point hypothesis and Indicated 
that the time of reversal deterralnes the degree of Inter­
aexuallty. 
Dobzhansky and Spasaky (19i|l) found a similar phenomenon 
which they believed was caused by a single dominant gene In 
D, pseudo-obscura. The developmental basis here was sup­
posedly due to the action of the gene causing a reduplication 
or a splitting of the genital Imaglnal disc, 
aowen (I9I4.2) presented an analysis of a dominant, sex 
limited gene (Hr) In the third chromosome of D. melano:;;a3ter. 
The males carrying this gene load no morphological or physio­
logical changes, while females had abnomal male external 
genitalia inserted between the anus and the ovipositor with 
corresponding Internal changes. The fact that these females 
were sterile coupled with the fact that there is no crossing 
over in the males, made it impossible to obtain the exact 
location of the gene within the third chromosome, 
Newby (19i|2) made the most extensive studies on the 
embaryologlcal sequence in development of the sexual organs 
of the Intersexual types In D, vlrllls. He stated that 
Intersexiiallty expressed Itself as a response to the develop­
mental pressure of both sexes, not as development in one 
direction followed by a change. 
The effect of all these mutants which cause Inter-
sexuallty provides the nearest approach to the action of a 
single gene In aex determination. 
In this study. Dr. J, W, 3owen has kindly peiroitted me 
to use his Hermaphrodite (Hr) stock. Morphological and 
transplantation experiments were carried out to detemire 
the specific action of the hermaphroditic factor through 
analyzing the localization of specific potencies of the 
gonads, genital discs and rln;^ glands. The process of sex 
specialization and the presence of sex hoimones. If any, were 
also taken Into consideration. 
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REVIEW OF LiTERATaRE 
Different species of organism vary In their ability to 
make considerable raorphof^enetlc alterations In their adult 
stage. the Mammalia, the development of the ,'5enltal 
ducts and other secondary sex characteristics Is dependent 
on the presence of specific hormones localized in special 
organs. In the Insecta, certain gene-controlled substances 
that Influence development of hereditary characters are 
knovn, but the occurrence of sex hormones Influencing 
development of any sex characters is still not clear, 
Oudemana (1899) in Lmantrla dispar showed that castra­
tion had no Influence upon the development of the secondary 
sexual characters. 
Melsenhelmer (1907) performed not only castration but 
also transplantations in Lymantrla and other Lepidoterans. 
He showed that sex organs and the somatic structures which 
are characteristic of the sex can be completely Independent 
of one another. 
Kopec (1908), using both castration and transplantation 
of gonads in different species of Lepldopterans, obtained 
the same results as Oudemans and Melsenhelmer, 
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CJelsy (1931) castrated Drosophlla by means of ultra­
violet light and was \inable to find any endocrine activity 
of the gonads acting on the external sexual characteristics. 
Recent works have shown that the corpus allatum or ring 
gland In various groups of Insects produces hormones which 
act upon metamorphosis, upon moltln?, upon pupation, upon 
differentiation, upon sextial development, probably upon 
metabolism and color change. In these respects, the corpus 
allatum shows a certain physlolo.^ical resemblance to the 
pituitary In vertebrates. 
The effect of the corpus allatm on sexual development 
Is primarily confined to the female and acts specifically on 
the ovary. Wlg:3lesworth (193^) In Rhodnlus, Weed (1936) in 
Melanoplus dlff erentlalls > Scharrer (19l}-6) In Leucophaea and 
In Dlptera« Thomsen (19l|0), Vogt (19l|.0) and Day (1914-3) all 
agreed that the corpora allata are necessary for normal 
function of the ovary. 
In Drosophlla, Vogt (1943) demonstrated that ovary 
development was dependent on the presence of the ring gland 
hozTOone. She removed the anterior part of the larva 
Including the rln^ jland just before pupation and found the 
Isolated larval abdominal part failed to develop, lilhen a 
larval rlns gland was Implanted Into the Isolated abdomen, 
metamorphosis. Including the ovaries, continued to a certain 
degree. 
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Bodenateln (19l|.3)» transplanting various organ discs 
into the body cavity of adult flies, showed that the ring 
gland actually produces a hormone and establishes an 
"effective level" in the host which in turn is responsible 
tor the developmental behavior of the orijan. The responsive­
ness of tho various organs towards this effective level 
varies within different organs and also with the Inherent 
capabilities the organs possess at the time of response. He 
emphasized that the ring inland hormone has no direct effect 
on the reacting systems, but rather acts Indirectly through 
the interaction of some unknown mechanism. 
Aside from the hormonal action of the corpora allata on 
the ovaries, several Instances of structural or functional 
changes In the reproductive organs under the influence of 
the svirroundlng orfjans were reported, (Joldschmidt (1931) 
studied the transformation of the gonads in the intersexes 
of Lymantria, He pointed out that there may be sex genes 
which either stimulated the sheath of the ovary to produce a 
hormone acting upon the whole jonad in transforming it Into 
a testis, or stimulated a group of cells at the point of 
attachment between the testis and the vas deferens to pro­
duce a hormone transforming the testis into an ovary. 
Dobzhansky (1931) showed in the ^ynandromorphs of 
Drosophlla simulans that in swrae cases definite parts of the 
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body of Drosophlla are Influenced In fchelr development by 
the aex or the genetic constitution of other parts of the 
body. Testes failed to differentiate unless they make con­
tact with the male ducts. If in contact with female ducts, 
they undergo degeneration. He did not mention i^ether this 
interference is accomplished by the secretion of some sub­
stance in the sex organs, 
Hadorn (1937) transplanted gonads of lethal mutant Igl 
(lethal-3iant larvae) of D, melano paster to normal indivi­
duals, and found that the ovaries, but not the testes, con­
tinued their development much longer than if they had 
remained within the body of the ^iant form. He su-j^ested 
that the lethal genetic constitution prevents further 
development in different organs at different periods of time. 
Stem (19l}.l) studied the relation between vas deferens 
and testis within various species of Drosophlla, He found 
that no colling of the testis occurs vd.thout attachment to 
the vas deferens. The action of the vas seemed to release a 
growth-promoting substance in different amoimts to opposite 
sides of the testis and stimulated testis growth vjhich led 
to coiling, 
Bodenstein (19l|6) studied the developmental relations 
between genital ducts and gonads of the two sexes and found 
that the testes attached to the female oviduct suffer 
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degenerative changes* He believed the principle causing 
degeneration is elicited In the oviduct. 
Sobels(19^0) transplanted ovaries of larvae homozygous 
for the gene lethal transluclda (Itr) Into female larvae 
fes en bw/ fes cn bw. He found that In cases where an 
attachment of the implanted ovaries to the oviducts of the 
hosts took place, the ori'^lnal sterile females after mating 
with cn bw/cn bw males gave normal offsprings, which 
genetically could be recognised as originating from the 
lethal transluclda ovaries. 
The evidence at present seems to favor the occurrence 
of some activating or hormonal substance In certain tissues 
of Insects, Its function is to maintain and promote nonnal 
development of reproductive organs and functional sexuality. 
Whether such secretions directly emanate from certain sex 
genes is vmknown. 
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MATERIALS Al® METHODS 
The larvae were obtained by matins males which carried 
the Hermaphrodite ;3ene (Hr) Stubble (Sb) and sooty (e®) -
Hip Sb e® / + <^ to homozygous e®/e® female flies. Three 
day old Hr Sb e®/®® larvae can be reco^^nised by the dark 
brown spiracles at their posterior ends. Since the 
Hermaphrodite gene and Stubble gene are linked, hermaphro­
ditic Individuals were dlstini^shed by their sex phenotypes 
and all Stubble females were hermaphrodites. 
Transplantation Technique 
The method devised by Ephrussl and Beadle (193^) was 
\2sed. The injecting apparatus consists of four main parts: 
the mlcropipette holder, a one c.c, hypodermic syringe 
fitted into a holding clamp, a piece of plastic capillary 
tubing, about two feet long, which connects the syringe 
with the pipette holder, and a mlcropipette. This 
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mlcroplpette was drawn out with fine .^ass about 1,0 inm. in 
diameter and 0.1 mm, in wall thickneea. With a mlcroburner, 
a finer capillary shaft with an external diameter about 0,1 
ram. was drawn. The shaft should be broken at an angle of 
30-11-5° to its axis so that the extreme tip is very sharp, 
A fine constriction is now made by careful heating with a 
horizontal ralcro-flane near the proximal end of the shaft. 
Its function is to block the piece of tissue from entering 
the lar;5er shank and also regulate the amount of injected 
liquid, A 300d working pipette should be smooth and sharp 
at its tip. 
Collecting and Washing of Larvae^ 
1, Use sterile containers and slides 
2, Collect larvae with a wet brush and wash them in 
saline 
3, Transfer the larvae to 70 per cent alcohol for 
about half to one minute 
i|.. Rinse the larvae a^ aln in fresh sterile saline. 
Same for donor and host. 
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Dissection 
Dissect one larva at a time, using sterile slide In a 
drop of saline. Put all dissected organs in a drop of saline 
on a depression slide. Keep them in a moist chamber. 
Etherization of Host 
Early thlrd-lnstar larvae were used. Collect hosts and 
wash them as before. Place them on filter paper and dry by 
rolling them gently with a fine camel hair brush. The 
larvae are now placed Into the etherizing chamber. The 
larvae at first show convulsive movements, then they begin 
to slow down their movements. As soon as they stop moving, 
remove them from the etherizer at once. Place the larvae 
on a sterile slide and add one or two drops of saline. With 
the aid of a brush, orient the larvae in one direction, 
posterior end up. With filter paper, dry the larvae com­
pletely so that they adhere to the slide. Optimum etheriza­
tion is very important. If etherizing period is too short, 
larvae are still moving during operation; if too long, they 
are over-etherized and die. 
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Injection 
A binocular dissecting microscope with a relatively low 
magnification (10 x 1,5) was used. Pick up the pipette-
holder with the right hand and manipulate the syringe with 
the left, Tlae syringe and the capillary are partly filled 
with distilled water, but are not continuous to the micro-
pipette, The organ to be Injected is drawn slowly into the 
shaft of the pipette. The host Is held in position with a 
dissecting needle, and only very little pressure is applied 
on the body of the larva. The pipette is then Inserted on 
the lateral body wall somewhere in the posterior third of the 
larva and the transplant is Injected into the body cavity. 
Withdraw the pipette and transfer the operated larva to 
some food vials with a wet brush and wait for further 
development. Dissect operated adult flies about five days 
after emergence. The transplanted or^an is usually found 
in the abdomen, which mtiat be opened with great care. 
RESULTS OP INVESTIGATION 
Gtoneral Charaoterlsties of the aonads, ilenltal 
Ima.^lzuBLl Discs and the Hlng Gland 
Development as we know Is a mechanlaoTi of delicate pre­
cision and Involves a high order of organisation. An 
Important feature of Dlpteran development Is the establish­
ment of two systems, the larval and the lma:;lnal. Apart 
from purely larval structures, the larva generally contains 
a number of primitive cell complexes called Ima^lnal discs, 
which are the prlmordla for later Ima^lnal structures 
(Plgiire 1), In Drosophlla, the gonads and the genital ducts 
are originated completely Independent of each other. 
The gonads 
The larval gonads are transparent, vesicular bodies 
situated In the fifth abdominal segment. Female gonads are 
spherical, very small In size, and embedded In the fat body, 
whereas male gonads are considerably larger and only bordered 
by the fat tissue (Figure 1), The gonads of the hermaphro­
ditic larvae can be Identified on the third day after 
hatching. Their dimensions are approximately twice those of 
the normal ovary. The size difference Is maintained 
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Pig, 1. Dorsal view of third instar larva of Drosophlla 
melanogaster diowing size difference of gonadsand 
the locations of the various imaginal discs (ovary 
and testis illustrated on single sketch but actually 
in separate Individuals). 
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throughout the rest of the larval period and Is a good means 
of determining the sex of the larvae. 
The genital ima..^lnal discs 
The genital ducts are represented in the larva by the 
genital linaiinal disc (Pigxire 1), It lies median-ventrally 
in the posterior end of the larva, just adjacent to the anus. 
During the entire larval period, there is no connection of 
any kind between the gonad and the genital disc. After 
ptjpatlon, the jenital disc begins to grow very rapidly and 
is gradually transformed into the genital duct, the oviduct 
or the vas deferens as well as the other accessory apparatus 
of the Internal genitalia and the external genitalia. It is 
also at this stage that the attachment between gonads and 
ducts takes place. Morphologically the genital discs of the 
hermaphrodites and normal females are similar in size but 
considerably analler than those of normal males. 
The ring gland 
The ring gland is located dorsally between the two 
hemispheres of the cerebral ganglion (Plate 1), Two large 
tracheae penetrate and pass through it. These two tracheal 
stems are connected by a transverse trachea; the ring 
encircles the aorta. The ring inland of mature Drosophlla 
larva is a compoxind gland and consists of three types of 
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cells. Large cells with large nuclei are found on the wider 
anterior portion and both lateral extremities of the ^land. 
Their cytoplasms are deeply stained and show graniilar struc­
ture. There are two groups of small cells, one located in 
the anterior median portion and the other smaller ones in 
the ventral proximal end of the gland. The cytoplasm of 
these small cells stains darker than that of the large cells. 
External Sexual (Jharacterlstlcs of Normal and 
Hemaphroditlc Plies 
Normal female 
Six tergites and six sternltes can be distinguished in 
the abdomen of a female. The anal valves are transverse In 
position and the vaginal plates have the shape of pen-points 
which are directed posteriorly. In a normal female, there 
are no sex combs on the first tarsal segments of the 
forelegs. 
Normal male 
Six tergites and four sternltes are clearly visible in 
the male abdomen. The anal valves consist of two lateral 
plates, and are vertical in position. The seventh terglte 
seems to be either absent or fused with the ei-^t to form 
the chltinous genital arch. The copulatory apparatus 
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consists of a pair of claspers and the penis. Each clasper 
consists of a comb-like row of stral,^t, sharp spines at the 
end of a short stalk. The exposed part of the penis consists 
of a smooth, ll;htly chltlnlzed hollow structure and Is sup­
ported laterally by two plates. These pairs of plates which 
support the penis probably represent two additional 
sternltes. Thus the male has the sarne number of sternltes 
as the female. On the first tarsal segment of the foreleg, a 
longitudinal row of ten or more heavily pigmented bristles Is 
present fowning the sex comb (Plate 2a), The presence or 
absence of sex combs Is a good guide for distinguishing 
normal males from females. 
Hermaphrodlte 
Hermaphrodites have sex combs on the basal tarsal seg­
ment of each front le:?. The comb consists of seven or eight 
teeth (Plate 2b) Instead of the usual ten found In normal 
males, A total of el^ht termites Is present. The first six 
tergltea are normal but the seventh and eighth are small and 
weakly chltlnlzed and lie just anterior to the anal valves. 
The anal valves are often displaced from their syimnetrlcal 
lateral position and possess both dorso-ventral and lateral 
clefts. Below the anal valves Is a pair of abnormal 
claspers, v^ich have asymmetrical arrangement and generally 
are supported by Irregular plates, Five sternltes are 
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normal, the sixth beln^ abnormal. Between the anus and the 
sternlte, a large, Irre.jularly-shaped, heavily pigmented, and 
chltlnlzed protuberance is generally fo\md. This knob repre­
sents the rudimentary vulva or the posterior part of the 
female genitalia. 
Internal Genitalia of Normal and Hermaphrodite J^Lies 
Normal female 
The female reproductive system consists of two ovaries, 
paired lateral ducts, fused Into a median azygoua oviduct 
which enlarge posteriorly to become the vagina. It opens to 
the exterior through the vulva, situated between the ];onopods 
Opening into the genital chamber are three sperm-storing 
organs, the paired spermathecae, the ventral receptacle, and 
a pair of accessoi*y glands, the parovaria (Plate 3a)* 
Normal male 
The reproductive system of the male consists of a pair 
of yellowish spiral testes, paired vasa efferentla, dilated 
in part to form seminal vesicles, paired accessory glands, 
the paragonia, a single ejaculatory duct, the vas deferens 
with a sperm pmp, and the external genitalia (Plate 3b)• 
The ejaculatory duct Is a long tube and includes two portions 
a dilated thick-walled anterior duct, extending from the vasa 
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efferentia to the sperm pvonp and a slender thln-walled 
posterior duct extending from the speim pump to the aedeagua. 
Hermaphrodite 
The reproductive systan of the hermaphrodites exhibit# 
Sreat variability In Internal structures. According to the 
types of sexual organs they possess (Table 1), the hermaphro­
dites are classified Into five classes and the percentage of 
each Is tabulated In Table 2, 
Individuals with predominantly female reproductive 
ayaterns. In this class, all the Individuals possess pre­
dominantly female reproductive organs. The ovaries, though 
large In size, contain many abortive eggs and exhibit degen­
erative changes (Figure 2). 
Individuals with well-developed j^onads but rudimentary 
genital ducts. Here the ovaries are developed into matvire 
size, but the eggs are arranged IrregiQarly, The genital 
ducts and accessory organs are diminutive and rudimentary 
(Figure 3). 
Individuals with well-developed genltal ducts and 
accessory organs but rudimentary 'iionads. In this class, the 
gonads are rudlinentary and genital ducts of both sexes are 
generally present. Accessory organs such as the spermatheca, 
ventral receptacle of the female, the accessory glands and 
speim pump of the male are well developed. The prominent 
Table 1. A Table ShowLng the Internal Sejoial Organs Present in Different Hermaphroditic 
Specimens 
Male Sexual Organs Fa"u^le Sexual Organs 
Spednen Parafonia Ejacula- Sperm Oviduct Ventral Sperzaa- Paro­ Condition of /gonads 
no. tory duct punp recept. theca varia ?;ell 
develooed 
Rudi­
mentary 
1 1 X X X X 1 1 X 
2 1 X X X X 2 2 X 
3 X X X X 2 2 X 
4 1 r X r X 1 X 
5 1 X X X X 1 1 X 
6 2 X X X X 2 2 X 
7 1 X X X 1 X 
B r 1 X 
9 X r X 
10 1 X X X 
n 2 X X X 2 2 X 
12 1 X X 1 X 
13 r X 
14 r 1 X 
15 1 X X X 
16 X X 1 X 
17 X X 1 X 
13 X X 2 2 X 
19 r X 
20 1 X X 2 X 
21 X X X 1 X 
22 r X 
23 X X X 1 X 
24 r X 
25 1 X X X 
26 r X 
27 1 X X X 2 X 
28 r X 
29 1 X X X X 2 X 
30 2 X X X X 2 X 
31 r X 
32 X X 1 X 
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16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
X X 1 X 
X X 1 X 
X X 2 2 X 
r X 
1 X X 2 X 
X X X 1 X 
T X 
X X X 1 X 
r X 
1 X X X 
r X 
1 X X X 2 X 
r X 
1 X X X X 2 X 
2 X X X X 2 X 
r X 
X X 1 X 
X X X X 
r 1 X 
r X 
X 1 X 
r X 
r X 
X 1 X 
X X X X 
X X 1 1 X 
X X X X 
X X X X 1 1 X 
X 1 X 
X X 2 X 
1 X X X 2 X 
2 X X X X 1 1 X 
1 X 1 1 X 
r X 
r X 
2 X X X X 
X X X * 
20 11 23 52 25 32 13 21 31 
39 21 54 100 48 62 25 40 60 
X ® present 
r ® rudimentary organ present 
The total nunber of individuals nossessing eadi or^an and the per cent of each 
orgfin is £:iven at the bottom* 

Table 2. Percentage of Each Class in a Saiqple of 5^ ^ peclnens 
Predominantly Well-developed 
fffioale repro- gonads bat 
ductiv® systems rudimentary 
genital ducts 
Well-developed 
genital ducts 
and accessory 
organs but 
rudimentary 
gonads 
Degenerative 
female and male 
sexual organs 
including both 
gonads and 
genital ducts 
Distinct male and 
female sexual 
organs 
No. of 
specinens 
Per cent 
6 
11.5 
12 
23.0 
12 
23.0 
16 
31.0 
5 
11.5 
ro 
2k 
ov 
--od 
--pa 
vr 
spt 
—od 
P--
-spt 
sp--
) od 
— spt 
OV- _ 
od--
sp— 
Pig, 2» Reproductive systems of hermaphrodites with pre­
dominantly female sexual organs, 
od = oviduct; ov = ovaryj p - paragonla; pa = par­
ovaria; sp = sperm pump; spt - spermatheca; vd = 
vas deferens; vr = ventral receptacHe 
25 
Pig* 3» Reproductive systems of hermaphrodites with well-
developed gonads but rudimentary genital ducts 
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feature here la that most developinn; gonads £U?e rudimentary 
ovaries but possess minute areas of yellow pigment (Figures 
k, 5). 
Individuals with degenerative feroale and male sexual 
organs including both 3;onads and !:enital duct« In this case, 
both the gonads and genital ducts are extremely rudimentary. 
The gonads are diminutive and the .genital ducts and acces­
sory organs poorly differentiated (Figure 6), 
Individuals with distinct male and female sexual origans. 
Here the Individuals have well develoned gonads, genital 
ducts, and accessory organs of both sexes. The gonads may be 
one or two in nmber. In all cases, they are ovaries with 
minute yellow pi jaented area (Figure 7). 
In the array of individuals studied, no complete sex-
reversion to male type is found but rather each specimen 
represents a distinct degree of mixture of male and female 
parts, either rudimentary or well developed. In cases where 
genital ducts of both sexes are present, vasa efferentla as 
well as part of the ovarian tissue are yellow pigmented. The 
formation of pigments in these cells may be due to the in­
fluence of the existing vas that Induces the ovarian 
migratory sheath cells to become pigmented. 
27 
-,0V 
Pig, ij.» Reproductive systems of hermaphrodites with well-
developed genital ducts and accessory organs but 
rudimentary gonads 
28 
ov 
P—/ 
>—spt 
- vr vd--
5 p — i  
r-ov 
P 
--od 
'--ov 
^--od 
-sp 
ov 
—ov 
sp 
0V-- -ov 
--vd od— 
Pig, Reproductive systems of hermaphrodites with well-
developed genital ducts and accessory organs but 
rudimentary gonads 
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Pig, 6, Reproductive systems of hermaphrodites with 
degenerative female and male sexual organs 
including both gonads and genital ducts 
30 
^ -od 
-spt 
- - v r  
vd 
o'v 
sp - -
P--/ 
vd - -
— P 
-ov 
-OV 
- - sp  
-ov 
—p 
--sp 
ov 
p (---od 
r-spt 
Pig, 7« Reproductive systems of hermaphrodites with distinct 
male and female sexual organs 
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Transplantation 
The method of transplantation was used to detect the 
existence of a gene-controlled substance that may affect 
sexual development. Early third Instar larvae were selected 
as hosts and implanted organs were also of the same a,^e. 
Five days after the emergence of the hosts, dissections 
were made to study the condition of the transplant and its 
relation to the host. 
Wild type male and feniale ^onads and genital discs were 
transplanted into the hermaphroditic larvae to deteimlne 
the effect of normal sex or:^ans upon the hermaphrodites, 
Heclprocal transplantations were also carried out. Since a 
study of mutant characters requires the knowledge of their 
normal types, transplantations between wild types were 
performed to serve as reference. 
Transplantation of cconada 
Male ;onad3 into male hosts. In all cases, the implants 
developed yellow pi:p7ientation but remained roundish in 
shape (Table 3). The hosts' testes were thin and reduced 
in size (Plate l^a). They coiled abnormally. Testes that had 
not become attached to a vas retained their larval ellip­
soidal shape instead of developing into spiral form 
(Dobzhansky 1931» Stern I9I4JL), Reduction in the size of the 
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Table 3» Differentiation of Normal Testes in Wild Type Males 
Individual Condition of gonads 
at dissection 
Condition of genital 
duct system of the host 
Implant Host 
1 Roxindish with 
yellow pigment 
Thin and 
colled 
abnormally 
Unaffected 
2 ft It It 
3 H H n 
k It It n 
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host testes is probably du6 to the competition between the 
transplanted male gonad and that of the host for nutritive 
material towards noimal growth, 
Male t^onads Into female hosts. In each case, the grafts 
were ellipsoidal and developed yellow pigment (Table i;). The 
Implant may lie free (Plate l+b) or In close contact (Plate 
with the host ovary. In cases where attachment to the host 
ovary has taken place, one or the other of the paired host 
ovaries was reduced in size and showed degenerative changes, 
Male gonads into hermaphrodites. Host -unaffected. 
Donor testis remained free, with yellow pigment, uncoiled 
and rudimentary (Table ^  and Plates 6, 7)» No effect of the 
male gonad on the development of the hermaphrodites could be 
detected. 
Female f^onads into male hosts. The implants developed 
normally and attained mature, full grown size (Table 6), 
Degenerative reduction of the host testes occurs when they 
come in close cellular contact with the ovary (Plate 8a), 
This feature has not been reported by other investigators. 
It seems that some antagonistic substance is produced by the 
ovary which apparently interferes with the normal growth of 
the testis, 
Female gonads into female hosts, ISie transplant may 
either be free or attached to the host :?onad by means of 
tracheae. In all cases both the host and the transplanted 
3k 
Table Differentiation of Normal Testes in Wild Type 
Females 
Individvial Condition of gonads Condition of :;enltal 
at dissection duct system of the host 
Implant Host 
1 Ellipsoidal 
with yellow 
pigment, free 
in the body 
cavity 
Normal Unaffected 
2 Ellipsoidal 
with yellow 
pigment, 
attached to 
the host ovary 
One normal, 
one degenerated 
ovary 
n 
3 n n n 
k n It N 
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Table 5* Differentiation of Normal Testes In Hermaphrodites 
Individual Condition of gonads Condition of genital 
at dissection duct system of the host 
Implant Host 
1 Ellipsoidal Diminutive Unaffected 
with yellcw 
pigment 
2 " Rudimentary " 
3 Minute with One minute and " 
yellow pigment one small ovary 
l|. Roundish with " " 
yellow pigment 
5 Ellipsoidal with " " 
yellow pigment 
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Table 6» Dlff orentlafclon of Nomal Ovaries In Wild Type 
Males 
Individual Condition of gonads Condition of genital 
at dissection dx'ct system of the host 
Implant Host 
1 Matiire-slzed 
with tint of 
yellow pigment 
Colled 
abnormally 
Unaffected 
2 n n It 
3 ft It It 
k N It It 
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ovaries were normal (Table 7) but their sizes were smaller 
than normal ovaries (Plate 8b), This shows that both the 
host and Implant have the same chance for development, but 
with the presence of an extra ovary, a competition seems to 
develop between the host and transplanted ovaries for 
available nutrient materials present in the host. 
Female i^onads into hermaphrodites. The ,;;r£ifts failed to 
differentiate properly and only a diminutive piece coxild be 
dissected out from the hosts (Table 8), In some cases, it 
was not foTond at all. The tracheal system of the hosts 
appeared abnormal and the <^onads had poor tracheal supply, 
Bils Indicates that the hermaphrodites may be deficient of 
the necessary oxygen required by the ovary for normal 
differentiation. 
Hermaphroditic gonads Into male hosts. The Implants 
failed to develop beyond the larval stage (Table 9), When 
attached to the host gonads, the latter underwent degenera­
tive chan^^es and coiled abnormally (Plate 9), As seen in 
the transplantation of normal ovaries to male hosts, only 
celliilar contact can cause degenerative changes in the 
testes. The hermaphroditic gonads, therefore, must have 
similar ovarian tissue components that release a substance 
which is antagonistic to the testes. 
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Table ?• Differentiation of Normal Ovaries in Wild Type 
Females 
Individual Condition of gonads Condition of genital 
at dissection duct system of the host 
Implant Host 
1 Noiroal Normal Unaffected 
2 It It n 
3 n n It 
k It It It 
n II It 
6 It II n 
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Table 8, Differentiation of Nonaal Ovaries in Heiroaphrodltea 
Individual Condition of jonads 
at dissection 
Condition of genital 
duct system of the host 
1 
2 
3 
h 
6 
7 
Implant 
Rudimentary 
Undetectable 
Rudimentary 
Small ovary 
Undetectable 
Host 
One large ovary 
Small ovary with 
minute yellow 
pi?5ment area 
Rudimentary 
Diminutive with 
minute yellow 
pl.3ment area 
One minute ovary 
with minute yellow 
pigment area 
One rudimentary 
ovary 
Unaffected 
n 
II 
kO 
Table 9. Differentiation of Herraaphroditic lonade in Wild 
Type Males 
Individual Condition of fjonads 
at dissection 
Condition of /^onital 
diict system of the host 
2 
3 
k 
Implant 
Palled to develop 
beyond larval 
sta^^e, attached 
to one of the 
host testes 
It 
It 
Host 
Rudinentary 
vrhen attached 
to the implanted 
gonad 
It 
It 
Unaffected 
la 
Hermaphroditic f^onada Into female hosts. The trans­
plants failed to develop or. If present,were extremely 
diminutive in size (Table 10 and Plate 10), The host 
system developed normally and only occasionally did one of 
the ovaries fall to attach to the oviduct properly. The 
falliJre of the ^raft to develop Indicated that the herma­
phroditic gonads were not Influenced by their new environ­
ment, They seem to lack the potency to compete with the 
normal ovaries for normal growth. 
Hermaphroditic g:onads Into hermaphrodites. The linplants 
developed Into an enormous size and contained many Infertile 
«33s (Table 11 and Plates 11, 12a), The rate of development 
of ovaries appeared to depend on some growth substance which 
may be present In the ^onad or In an or^jan other than the 
gonad Itself, The eanount of this substance In the heima-
phrodltlc gonads must be quantitatively low and the rate of 
development retarded. As a result i^en the herraaphrodltio 
gonad was alone, it failed to develop properly, ¥tien an 
extra hermaphroditic gonad was introduced, which supplied the 
host with a certain araoxmt of growth substance, the size of 
the growing gonad Increased considerably. 
Summarizing the above results, no effect of the intro­
duced male or female gonads on the development of the herma­
phrodites coxild be detected. Normal ovary when transplanted 
Into a hermaphroditic host failed to differentiate completely. 
^^ -2 
Table 10. Differentiation of Hermaphroditic lonads in Wild 
Type Females 
Individual Condition of gonads 
at dissection 
Condition of genital 
duct systera of the host 
Implant 
1 Undetectable 
2 Rudimentary 
3 Rudimentary 
Ij. Undetectable 
5 Undetectable 
Host 
Normal 
One of the ovaries 
detached 
One of the ovaries 
detached 
One of the ovaries 
detached 
Unaffected 
ti 
k3 
Table 11. Differentiation of Hermaphroditic 3onads In 
Hermaphrodites 
Individual Condition of -onads Condition of -genital 
at dissection duct gystera of the host 
Xmolant Host 
1 Large ovary with 
many infertile 
eggs 
Undetectable Unaffected 
2 N One inidlinentary 
ovary with yellow 
pigmented area 
ff 
3 It R It 
kk 
The failure of ovary development may be due to the defective 
tracheal system In the hermaphroditic hosts which did not 
supply the necessary oxyrjen for normal ovary differentiation. 
The transplantations of testes into wild type females and 
ovaries Into wild type males showed that only cellular 
contact of the ovary with the testis will cause degenerative 
chan;;ea In the latter. Hermaphroditic gonads, too, were 
capable of producing similar de^jeneratlve effect. The 
Implantation of hermaphroditic >3onad into Its hermaphroditic 
host produced an interesting result as shown by the enormous 
size of the developing gonads. Addition of an extra 
hermaphroditic /^onad seems to furnish a certain amount of 
growth substance for the hermaphroditic host. 
Transplantation of T:enltal Ima-jilnal discs 
Male ,'genital discs Into male hosts. The transplants 
developed normally and produced within the hosts all the 
expected liaajlnal structures (Table 12), They attached to 
the host testes and competed with the host for the attachment 
to the jonad (Plates 12b, 13)• As a result, the host testes 
coiled abnormally but accessory organs and genital ducts were 
unaffected. A real competition between the hosts and 
Implanted genital ducts for the attachment to the host gonads 
took place. 
Table 12. Differentiation of Nonal Male Jenital Discs In 
Wild Type Males 
Individual Condition of genital duct Condition of host 
syatera at dissection gonads at dissection 
iTODlant Host 
1 Juvenile, attached 
to one of the host 
testes 
Normal Coiled abnor­
mally 
2 Well developed, 
attached to one of 
the host testes 
M N 
3 ft It It 
k II It tf 
il.6 
Male genital discs Into female hosts, Cie Implants and 
the hosts developed autonomously. Thus the presence of an 
extra male genital system did not disturb the host to any 
noticeable degree. The Implants were either well developed 
or poorly differentiated (Table 13 and Plates II4., 1^), The 
vasa efferentla In all cases developed yellow pigment. The 
ovaries, like the testes, possessed somatic cells on their 
siirface which migrated to the vasa and formed there a pls-
mented envelope (Hadorn and Bertanl, I9I4.8), The fomatlon 
of pigment in the vasa in this case was from the ovarian 
migratory sheath cells of the female hosts, 
Male .i:enltal discs into hermaphrodites. ®ie transplants 
developed normally and produced within the hosts all the 
expected Ima^lnal structures (Table ll|.). The development of 
the hosts was also autonomous. In all cases, the vasa 
efferentla were yellow pigmented (Plates 16, 17), The for­
mation of pigment of the vasa in the Implants may be attri­
buted to the migratory sheath cells in the hermaphroditic 
3onads of the hosts. 
Female genital discs into male hosts. Testes that 
attached to the donor oviduct became rudimentary while those 
unattached to the oviduct remained normal (Table 15 and Plate 
18), The oviduct must have produced some diffusible sub­
stances causing the defeneration of the male jonad, but no 
effect on the male genital duct system was observed. 
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Tablo 13. Differentiation of Normal Male Genital Discs In 
Wild Type Females 
Individual Condition of genital duct Condition of host 
system at dissection gonads at dissection 
Implant Host 
1 Fully developed. Unaffected Normal 
vasa efferentla 
with yellow pl^ent 
2 Juvenile " " 
3 Juvenile, vasa " " 
efferentla with 
yellow pigment 
n II II 
5 Fully developed, " " 
vasa efferentla 
with yellow pigment 
kQ 
Table llf.. Differentiation of Normal Male Genital Discs in 
Hermaphrodites 
Individual Condition of genital duct Condition of host 
system at dissection gonads at dissection 
Implant Host 
1 Well developed. Diminutive Small ovary 
vasa efferentia with 
yellow pi5ment 
2 n '• N 
3 " " Small ovary attached 
to the implant 
il. " " Small ovary 
5 " " Diminutive 
6 " " Small ovary 
7 " " Small ovary 
8 " " Undetected 
k9 
Table 1^. Differentiation of Normal Female Grenltal Discs In 
Wild Type Males 
Individual Condition of genital duct Condition of host 
system at dissection gonads at dissection 
IniDlant Host 
1 Juvenile, attached 
to one of the host 
testes 
Normal Ellipsoidal, lie 
free in the body 
cavity 
2 Juvenile, free in 
the body cavity 
It Normal 
3 It It It 
Juvenile, attached 
to one of the host 
testes 
It One round, one 
ellipsoidal, lie 
free in the body 
cavity 
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Female .scenltal discs Into female hosts. Kie transplants 
were juvenile In comparison with the host oviducts, lliey 
developed normally (Table 16) but produced smaller Imaglnal 
structures (Plate 19). They extended themselves and became 
connected with the host gonad. The host ovaries were fully 
developed and contained mature eggs. The result Indicates 
that orjan systems of the same sex may have competition for 
nutritive materials toward nonaal development but produce no 
harmful effect upon each other. 
Female pi:enltal discs Into heiroaphrodltes. The trans­
plants developed and produced juvenile Imaglnal structures 
(Table 1? and Plate 20), In all cases, they had the ten­
dency to connect with the rudimentary host gonads, which 
generally possessed tints of yellow pl jinent. It Is quite 
evident that the hermaphroditic gonad, though deviated from 
its original sex, still retains some potentialities of a 
normal ovary, which makes Its connection with the Implant 
genital disc possible, 
Hermaphrodltic tenital discs into male hosts. The 
transplants were rudimentary (Table l8);when the Implant be­
came attached to the host testis, the latter underwerfc de­
generative chan;";es and coiled abnormally (Plate 21), Testes 
that have not been attached to the donor a2?e xinaffected 
(Plate 22a), It seoms that the hersnaphroditic genital duct 
may release some diffusible substance, like that of normal 
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Table l6. Differentiation of Normal Female Jenital Discs in 
Tild Type Females 
Individual Condition of genital duct Condition of host 
system at dissection gonads at dissection 
Implant Host 
1 Juvenile Normal 
2 Well developed " 
3 Juvenile " 
ij. Juvenile " 
Normal 
n 
n 
II 
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Table 17» Differentiation of Normal Female Jenital Dlaca in 
Hermaphrodites 
Individual Condition of ;3enital Condition of host 
duct systora at dissection /gonads at dissection 
Implant Host 
2 
3 
k 
5 
Rudimentary Rudimentary 
Juvenile 
Juvenile 
It 
It 
Juvenile 
Juvenile 
Rudimentary 
It 
One small and one di­
minutive ovary with 
minute yellow pig­
mented area 
Two small ovaries 
One tiny ovary with 
minute yellow pig­
mented area 
One small ovary with 
minute yellow pig­
mented area 
One diminutive ovary 
with minute yellow 
pigmented area 
Two small ovaries 
with minute yellow 
pigmented area 
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Table 18, Differentiation of Hermaphroditic Genital Discs in 
Wild Type Males 
Individual Condition of genital duct 
aysten at dissection 
Condition of heat 
fjjonad at dissection 
k 
5 
Implant 
Rudimentary, 
attached to one 
of the host testis 
Rudimentary, lie 
free in the body 
cavity 
Rudimentary, 
attached to one 
of the host testis 
Rudimentary, lie 
free in the body 
cavity 
Host 
Normal 
With signs 
of degen­
erative 
changes 
Normal 
Normal 
Testis that attached 
to the implant 
coiled abnormally 
Normal 
Testes tincoiled and 
remained as long 
tubes 
Testis that attached 
to the implent 
colled abnormally 
Normal 
oviduct, causing degenerative changes In the male gonads, 
Hemaphrodltlc .;enltal discs Into female hosts. The 
transplants were rudimentary (Table 19); when they lie free 
or make no connection with the host oviducts, the host 
ovaries remain normal and unaffected (Plate 22b), If the 
transplants come In coiitact with the oviducts of the hosts, 
detachment of one of the ovaries from the host oviducts and 
the formation of pigment in the ovarian sheath colls may 
follow (Plate 23), Some competition for growth between host 
and transplant genital ducta may account for the hindrance 
to the connection of the gonad with the ducts. The forraation 
of yellow pigment in the ovary is probably due to the 
inducting inflvience of the hermaphroditic vas, 
Heiroaphroditic ^;enltal discs into hermaphrodites. The 
genital systeriis of both the host and Implants were rudi­
mentary and poorly developed (Table 20 and Plates 21)., 2|5). 
Kie internal milieu of the hermaphroditic individuals cer­
tainly lackscertain substances for the differentiation of a 
complete, perfect reproductive system. As we know there is 
always a competition between host and transplanted structure 
for available nutrient materials. The presence of an extra 
hermaphroditic genital disc in such a deficient environment 
may restrict the size of the growing discs. As a result, 
both genital systems become rudimentary. 
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Table 19. Differentiation of Hermaphroditic (Jenltal Discs 
In Wild Type Females 
Individual Condition of jenltal duct 
system at dissection 
Condition cf host 
{gonads at dissection 
1 
2 
3 
k 
Implant 
Rudimentary, free 
in the body cavity 
Hiidlmentary, 
attached to the 
host oviduct 
Host 
Normal 
With some 
degenerative 
changes 
Normal 
One of the ovaries 
detached from the 
oviduct 
One of the ovaries 
detached from the 
oviduct, with 
yellow pl^nented 
area 
5 Rudimentary, free Normal 
in the body cavity 
Normal 
6^ 
Table 20, Differentiation of Hermapiirodltlc C/enltal Discs 
In Hermaphrodites 
Individual 
1 
2 
Condition of genital duct Condition of host 
system at dissection jonad at dissection 
3jnplant 
Rudimentary 
3 Juvenile 
Ij. Rudimentary 
Host 
Rudimentary 
II 
Small ovary 
Lar^e ovary with 
many Infertile 
eggs 
Very rudimentary Small ovary 
Rudimentary Large ovary with 
many infertile 
osgs 
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SiroiraarlzIng the res\xlts of the transplantation of 
Ima^lnal genital discs, no Influence of the normal mala and 
female genital discs upon the hemiaphrodltic hosts could be 
detected. In the control experiments, when female genital 
discs were transplanted Into normal male hosts, the host's 
testes remained ellipsoidal and rudimentary if attached to 
the female genital duct. In cases where male jenital discs 
were transplanted into normal female hosts, development was 
autonomous but the vasa of the transplants developed yellow 
pigment. The formation of pigments in these vas may come 
from the somatic migratory cells of the ovary. The trans­
plantation of male ^ ^enital discs into hermaphroditic hosts 
also produced similar res\ilts. 
Prom these experiments, it seems that the hermaphroditic 
gonads and genital discs, thoujh rudimentary, still retain 
some female potentialities. The hermaphroditic gonad has the 
tendency to connect to normal oviduct; the migratory cells on 
its surface can form pi jnents under the inducting influence 
of the vas J and both the hermaplirodltlc duct and gonad can 
cause degenerative clianges in the male testes. 
Transplantation of larval rin^ glands 
It is known that larval rinii jlands of all larval ages 
can produce the grovxth-proraotlng hormone. The gland estab­
lishes a definite metabolic level in the host which in turn 
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Is responsible for the observed growth (Bodenateln 19l|.3)« 
Transplantations were nade to determine the growth-
stliaTJlatln^ effects of normal male and female ring jlanda 
upon the hermaphroditic Individuals. 
Normal male and fata ale ring 3:1 and s Into wild type male 
and female hosts. To serve as a control, normal male and 
female ring :;lands were transplanted to their normal hosts. 
Implantation of male ring 'jlands Into normal females and 
female rlnj glands Into normal males was also perfonned. 
Upon dissection of the developing adults, all Individuals 
were found to have normal reproductive systems. It seems 
that In the wild type males and females, the ring gland hor­
mone necessary for normal jrowth and differentiation of their 
reproductive system is adequate. Thus the addition of an 
extra ring gland will produce no effect. 
Hermaphroditic rin-; glands Into hermaphroditea. The 
size of the host gonads seemed to Increase considerably but 
the genital ducts remained rudimentary aa control hermaphro­
dites {Table 21 and Plates, 26, 27). 
Male rin"; .3:1 ands into hermaphroditea. In some cases, 
the hermaphroditic gonads and genital ducts were well 
developed, vihlle others remained rudimentary as control 
hermaphrodites (Table 22 and Plates 28, 29). 
Female ring glands Into hermaphrodites. The ovaries of 
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Table 21. The Effect of Hermaphroditic Rin^ Slands on the 
Orowth of Hermaphroditic Sexual Organs 
Indivldvial Condition of /gonads Condition of genital 
at dissection duct at dissection 
1 One large ovary Rudimentary 
2 Two small ovaries " 
3 One ovary with loose egg Well developed oviduct 
string containing infer­
tile e33S, one dliaiiiu;;lve 
ovary minute yellow 
pigmented area 
One lar^e ovary Rudimentary 
6o 
Table 22» The Effect of Normal Male Rln* Olanda on the 
Growth of Herraaplirodltic Sexual Organs 
Individual Condition of ^lonads Condition of genital 
at dissection duct at dissection 
Rudimentary ovary with 
minute yellow pigmented 
area 
Rudimentary 
2 
3 
k 
Small ovary 
Two ovaries of considerable 
size 
One mature size, one 
small ovary with minute 
yellow pigpiented area 
Two small ovaries with 
minute yellow pigmented 
area 
Rudimentary 
Rudimentary 
Male and female 
ducts present. 
Accessory organs 
rudimentary 
Male and female ducts 
present. Accessory 
organs are well 
developed. 
Rudimentary 
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the hosts carryln,'^ the transplanted ring glands were In 
general fiirther advanced in their maturation than the 
gonads of control hemaphroditic individuals (Table 23 and 
Plates 30 to 32). Male accessory organs, especially the 
paragonia, were very well developed. It can be concluded 
that the female larval ring glands are capable of 
accelerating the maturation of the hemaphroditic gonads and 
promoting the growth of genital ducts and accessory organs 
of the hermaphroditic individuals, 
Sxanmarizixig the results for the transplantation of ring 
glands, it was fovind that the addition of an extra ring 
gland from a normal male or the hemaphrodlte accelerated the 
gonads of the hemapliroditic host to a considerable extent, 
but the genital ducts remained rudimentary. The effect 
produced by an addition of an extra female ring gland was 
very prominent, (Dae gonads of the hermaphroditic hosts 
Increased greatly in size and the accessory organs, 
especially the paragonia, were well developed. 
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Table 23. Effect of Normal Pamale Ring 31ands on the 
Orowth of Hermaphroditic Sexual Organs 
Individual Condition of gonads 
at dissection 
Condition of genital 
duct at dissection 
1 Two matiire sized ovaries Well developed 
female and male 
genital ducts and 
accessory organs. 
2 One mature-sized ovary, 
one small ovary with 
minute yellow pigmented 
area. 
Well developed ovi­
duct and accessory 
organs. 
3 One mature-sized ovary Well developed 
female and male 
i^enital ducts and 
accessory organs. 
k 
It II 
$ It n 
6 n It 
7 Undetected It 
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DISCfUSSION AND CONCLUSION 
Intersexuality has gone a long way toward solving the 
problem of the physiology of sex determination, 3oldschmldt, 
throu.^ his work on the hybridisation of different races of 
Lymantria, the gypsy moth, has interpreted his results as a 
time seriation of events in the development of the sex 
characters. The intersexes are not the result of a develop­
ment between the sexual extrfflaes but rather are individuals 
which bei^in development with their gametic sex, then switch 
over to that of the other at some stage. He stressed that 
the degree of intersexuality is a function of the position 
in time of the turnin^j point, which he termed the Time Law 
of Intersexuality, 
Other investigators considered that the intersexual 
condition is merely one of the nmerous cases in which the 
highly organised organ system is altered by changes in the 
genotype rather than starting development as one sex for part 
of the time and switching over to that of the other sex. 
Through the study of spontaneous phenotypic mosaics by 
various authors it is known that most or.gans and parts are 
aelf-differentiated and strictly determined from the genotype 
of the cells. Exceptions to the rule of autonomous 
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development are known. These furnish examples indlcatlr^ 
that some active principle, dependent on a given genlc 
constitution, must be able to Induce, In animals which lack 
these particular genes, a non-autonomous development. How 
does our Hermaphrodite gene act? Do the abnormal sex types 
result from autonomous or non-autonomous development? 
The effect of the Hemaphrodlte ^ ene is first visible 
in the second instar larvae. The intermediate size of the 
hexwaphroditlc gonads is clearly differentiated from those 
of the normal males and females. In the adult specimens, 
there is not a single case which shows the presence of 
complete sex reversal. Most individuals are hermaphroditic 
in form, with duplication of male and female sexual organs 
rather than a range in development of a single system, Bie 
joint presence of vas deferens and oviducts, penis and 
vagina, clasper plates and ovipositor and other accessory 
organs supports organ autonomy under the control of 
specific genes rather than a tlminj mechanism in sex 
differentiation. 
As mentioned before, the presence of sex combs in males 
and the absence of this structure in females is a sex-
specific configuration. All our hermaphroditic flies have 
modified sex combs. The foination of sex combs is restricted 
to a critical region as a field effect in development 
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(stern and Hannah, 1950). If the critical region is female, 
no sex comb appears; if it is male, a sex comb is present; 
if the region is mosaic in nature, only the male parts form 
teeth of a sex comb. The presence or absence and sire of the 
sex combs depend on the presence or absence or extent of male 
tissue in the relevant area of the first tarsal se;5ment. If 
this is true, the first tarsal se-^nent of our hermaphroditic 
flies must be composed of some male tis;jue which evokes the 
sex comb formini^ capacity in the specific region of the 
foreleg. 
It is interesting to note here that in hermaphroditic 
Individuals where male and female genital ducts are present, 
small yellow pi pnented tissue is found to be associated with 
the hermaphroditic gonads. Whether such a ^onad with yellow 
pigment is an ovotestis or simply one which underfjoes 
changes that have such an effect is a question. In 
Drosophila, the .gonads and i^enltal ducts are originated com­
pletely Independent of each other. The -jonads develop auto-
ncraously and attach to the genital duct during the pupal 
stage. In the males, there are somatic cells on the surface 
of the testes which migrate to the vas and form there a 
pigmented envelope of the same color as the sheath of the 
testes (Hadorn and Stern, 1939). In the females, the 
ovaries also contain such migratory cells. They are 
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colorless when in contact with an oviduct but when migrated 
onto a vas they became pigmented (Hadorn and Bertanl, 19l!.8), 
Our experiments with the transplantation of male j^enltal 
discs Into females show that the vasa of the transplants 
develop yellow pi orient In the female hosts. The presence of 
pigment In the vasa probably comes from the ovarian migra­
tory sheath cells. In the transplantation of hermaphroditic 
genital discs Into normal females, the host ovaries may 
develop buds of yellow pl^^ent. This shows the existence of 
vas In the hermaphroditic individuals under whose influence 
the migratory ovarian cells are effective in foirolnj pig­
ments, These results seem to throw some light on the nature 
of the hermaphroditic gonads. It Is quite probable that 
under mutated changes the hemaphrodltic -jonads are not 
transformed into ovotestes. The yellow pigmented tissue 
associated with the .gonads may be ovarian cells which, under 
the Inductlnr; Influence of the existing vas deferens, pro­
duce pigments. 
Experiments transplanting male and female gonads to the 
hermaphrodites show that the development of the host and 
donor is autonomous. When ovary Is transplanted into 
hermaphrodites, it falls to differentiate. The cause may be 
the poor oxygenation condition in the hermaphroditic hosts. 
Reciprocal transplantations also show that the Implants 
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develop aooordlng to their own genetic constitution and do 
not exert any Influence on the secondary sexual characters 
of the host. The evidence at prenent does not seem to 
favor the occurrence of aex hormones in the gonads. Some 
sort of substance antagonistic to the male seems to be 
present in both the normal ovary and heimaphroditic rjonad 
as degenerative reduction in the testes is always seen when 
the former two types cf gonads are implanted. 
Transplantations of nonnal male and female genital 
discs Into hermaphroditic hosts and converse experiments 
also show that the implants develop according to their own 
genetic constitution with no apparent influence on the 
hosts. Internal genitalia of the hermaphrodites alv/ays show 
Irregular growth leading to extremely rudimentary organs. 
The female genital diac \^hen Implanted into hermaphrodite 
has the tendency to attach to the host rudimentary gonad. 
This feature, together with its ability to react with normal 
testis, shows that the hermaphroditic gonad still retains 
certain normal ovary potentialities. The action of the 
heimaphrodltic gene seems to reduce the efficiency of the 
growth processes of the gonad. As a resxilt, proper ova for­
mation does not occur. 
As reviewed before, the relationship between the repro­
ductive organs and coi^pora allata or ring glands concerns 
primarily the female. Transplantation of hermaphroditic ring 
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glands Into normal males and females produced no Influence 
on the hosts. But when noimal male and female rln"? glands 
were Introduced to hermaphrodites, gonad matwatlon 
accelerated and the accessory organs Increased In size. 
The effect was even more prominent when female ring f^land 
was Implanted, The hermaphroditic ^ ene seems to exert con­
trol to the ring glands, probably by lowering the production 
of some diffusible substance necessary for development 
and the growth of imaglnal sexual organs. A ring gland of 
normal constitution can act as a source for the deficient 
hermaphroditic host. The development here Is therefore non-
autonomous. 
The formation of the pattern of any organ. In general, 
la the result of different arranganents of a nvmber of 
always present constituent parts or fields. Each field Is 
distributed In an orderly way that leads to the production 
of a structure with a definite and orderly pattern, Hadorn, 
Bertanl and lallera (19i|-9), who worked on the regulative 
capacity of the male genital disc of Drosophlla melanor^aster, 
have shown that the genital disc is composed of a mosaic of 
fields. Each field possesses a great potency of regulation 
and will differentiate Into a definite structure. The 
embryonic field of the reproductive system In Drosophlla 
therefore must be sexually differentiated and determined and 
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only the critical regions are responsible for the foimation 
of specific organs. The result of the hermaphroditic 
indivldiaals in otir case must be due to the action of the 
Heiroaphroditlc gene which distorts the hypothetical embryonic 
field of the genital imaglnal disc. This causes irregular 
growth and permits the activating agencies of both types of 
sexuality to react either consecutively or simultaneously 
upon the primordia. As a result, immature development and 
poorly differentiated secondary characters are formed, 
Sumraarizln'^, the normal allele of the Hermaphroditic 
gene must be a sex-differentiating :^ene. It guides normal 
sexual or^an development by regulating the activating 
agencies of the two sexes and directing the progress of 
development of sexual structures within the embryonic field. 
Mutated change of such a gene causes the distortion of the 
hypothetical embryonic field of the genital disc changing 
the growth of gonad development. The effects seem to extend 
to all organs concerned with sexual development. The 
introduction of normal female ring glands appears to 
accelerate the growth of the degenerative gonads and 
accessory glands to a considerable extent, but the develop­
mental failure of the reproductive system is so drastic that 
sterility is irreparable. 
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SUMMARY 
1, Hemaphrodltlc phenotypes in Drosophila aelano^aater 
resulting from a single gene mutation are described. The 
gene (Hr) Is dominant, located in the third chromosome and 
sex limited in effect. It produces no effect on the via­
bility and fertility of the males, but diploid females 
carryin,'5 it are developed into hermaphrodites which are 
sterile. 
2, Tlie effect of this ijone is first visible in the 
second instar larvae indicating that the gene acts at a very 
early stage in larval development, 
3, Morphologically, the internal genitalia of the 
hermaphrodites exhibit f^reat variability, yet in no case ia 
a canq)lete sex reversal found, 
I}., All hermaphrodites have modified sex combs, indi­
cating the first tarsal segment of the hermaphrodites la 
composed of some male tissue vjfhich evokes the sex comb 
forming capacity in the foreleg, 
5. Hermaphroditic gonad with yellow pigment may not 
necessarily be ovotestls but may be ovary under the inducting 
influence of the existing vas deferens which causes the 
ovarian migratory cells to become pigmented. 
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6» Transplantations of normal male and female gonads, 
and genital Imaginal discs into the hermaphrodites show that 
the development of both the hosts and donors is autonomous, 
7, Transplantations of normal male and female ring 
glands into the hemaphrodites accelerate the growth and 
differentiation of the gonads and accessory organs to a 
considerable extent, "Hie result indicates that a non-
autonomous development occurs. The rin^ ;3land of normal 
genetic constitution must release some substance necessary 
for growth and differentiation which is lacking; in the 
hermaphroditic individuals, 
8, No sex hormones from the gonads of either sex were 
detected, 
9, Some antagonistic principle must be present in the 
normal ovary or the oviduct that causes degenerative reduc­
tion of the male testes, 
10, The hermaphroditic gonad has the tendency of con­
necting to normal oviduct; the migratory cells on its sur­
face can form pigments vinder the inducting influence of the 
vasj and both the hermaphroditic ducts and gonads can cause 
degenerative changes in the male testes. All these features 
indicate that the hermaphroditic gonads and genital discs, 
though rudimentary, yet still retain some female poten­
tialities. 
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11, Morpholos;lcal, physiological, and genetic studies 
suggest that the normal allele of the Hermaphroditic factor 
is a sex-differentiating gene guiding normal development of 
sexual organs. 
12, The Hermaphroditic ;ene has significant sex 
effects. It retards the growth process of the ^onad; dis­
torts the hypothetical embryonic field of the ima^inal leg 
and genital disc; lacks the potency to regulate the acti­
vating agencies of both sexes and finally reduces the 
growth and differentiation hormone produced by the ring 
gland. In sum, the effects seem to extend to all organs 
concerned with sexual development. 
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APPENDIX 
79 
The following abbreviations are used in the diagrams: 
b = brain 
eg = external ^ei^talia 
3 = ventral ganglion 
hg = hermaphroditic -jonad 
1 s intestine 
ig s= inverted external genitalia 
od s= oviduct 
ov = ovary 
p « para:5onla 
pa = parovaria 
pej = posterior ejaculatory duct 
rd s= rudimentary genital disc 
rg = ring gland 
ap = spenn pinnp 
spt = sperraatheca 
t = testis 
tr = trachea 
V = vagina 
Yd 5= vas deferens 
vo ss vasa efferentia 
vr = ventral receptacle 
Host organs are designated by black ink; transplanted 
organs are designated by violet ink; yellow testes and 
yellow-piguiented area In the ovaries are designated by 
yellow color. 
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Plate 10. Transplanbac her iUDhrocltic "onads in. nomal 
female hosts, x23 
99 
.Ov 
oy 
100 
Plate 11» Transplanted heiiiiaphroditic gonads In hemiaphro-
ditic hosts. xl|l 
101 
Plate 12. a. Transplanted hemaphroditio 
gonad in hermaphro^tie host* 
xbl 
Transplanted male genital 
disc in nomal nale host* 
3dil 
103 
Plate 13« Transplanted male genital discs in botmI male hosts. 
105 
f 
Plate lU. a. Transplanted male genital disc 
In norrsal female host. x26 
% O 
Plate lU. b. Transplanted male genital 
disc In normal female 
host* Dissected Imiedlateljr 
after hatching. x28 

108 
Plate l5, •["r: n3pla!vl;o'.'; . ale; 'ciiital cl! In nornial fonale 
hosts, X 23 
109 
110 
"> JM 
Transplanted tialc -onital discs in herr.iaphrodltlc 
hosts, xip. 
Ill 
ELate 17. Transplanted male genital (Uses In hermaphroditic host®. 
113 
I  
% 
r 
'm 
* « 
1 <111 
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